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Abstract 
Physicochemical mechanism is one of the wear mechanisms of the abrasive grain in grinding. Existing scientific researches 
which deal with the wear of the abrasive grain show the presence of this wear mechanism but do not characterize it from the 
quantitative point of view. The article contains the results of the empirical studies on the physicochemical interaction between the 
abrasive grain and the workpiece material while grinding. The empirical studies allowed to determine the quantitative 
characteristics of physicochemical processes in grinding. The developed empirical models can predict the coefficient of chemical 
affinity for the workpiece materials with a variety of chemical compositions. The mathematical method used in this research 
makes it possible to define the size of the abrasive grain portion is worn as a result of such physicochemical interaction. In future, 
this circumstance will predict the extent of the abrasive tool wear under different technological conditions in order to define its 
operating capacity and apply the tool efficiently in multipart manufacturing. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
Grinding is the process of mutual fracture of two contacting solids: work and abrasive grains of the grinding 
wheel. It is supposed that the work material breaks more, and the cutting abrasive grains of the tool are worn during 
a long period of time – efficient tool life. 
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One of the main ways of the abrasive grain wear in grinding is physicochemical one [1-10], while there are no 
quantitative characteristics of this wear in scientific and technical literature. To define the quantitative parameter 
(coefficient of the chemical affinity of the abrasive and workpiece material) we used experimental researches with 
the electron scanning microscope JSM 6460LV (JEOL, USA) [11]. As a result, we got the bulk of experimental data 
which allow us to estimate quantitative and qualitative influence of chemical composition of the material being 
grinded on the density of physicochemical interaction with the abrasive material (fig. 1). 
 
Nomenclature 
T            the temperature of the abrasive grain (temperature in the interface) 
Daf          the coefficient of the chemical affinity of the abrasive and work piece materials 
2. Research results 
Analyzing the influence of the temperature in the contact zone of the abrasive grain and workpiece it can be 
concluded that the rise of temperature in the contact zone of the abrasive grain and work leads to the rise of intensity 
of physicochemical interaction between materials. Therefore, in the cumulative volume of the worn spot abrasive 
the part of the wear increases as a result of this wear mechanism. 
 
 (a) (b) 
 
 (c) (d) (e) 
Fig.1. Dependence of the chemical affinity coefficient of different steels on temperature:  
(a) 1 – steel 20, 2 – 30, 3 – 40; (b) 1 – steel 20ɏ, 2 – 30ɏ, 3 – 40ɏ;  
(c) 1 – steel 20ɏ13, 2 – 30ɏ13, 3 – 40ɏ13; (d) 1 – steel 20ɏɇ, 2 – 30ɏɇ, 3 – 40ɏɇ; 
(e) 1 – steel 20ɏɇ3Ⱥ, 2 – 30ɏɇ3Ⱥ, 3 – 40ɏɇ3Ⱥ. 
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The experimental data give opportunity to estimate the influence of specific chemical elements on the intensity of 
behavior of physicochemical interaction in the work area (fig. 2) with medium grinding temperature of 600 ºC. 
 
 (a) (b) 
Fig. 2. Dependence of the chemical affinity coefficient of different steel on temperature: 
(a) 1 – steel 20, 2 – 20ɏ, 3 – 20ɏ13; (b) 1 – 30ɏ, 2 – 30ɏɇ, 3 – 30ɏɇ3Ⱥ. 
Table 1 cites data for the temperature 600 ºɋ. Figure 3 shows the dependences of influence of carbon (a), chrome 
(b), nickel (c) on the size of chemical affinity coefficient.   
The finding allows us to estimate the influence of the main chemical elements on the intensity of behavior of 
physicochemical interaction of the workpiece and abrasive material. Thus, the increase of carbon concentration in 
the workpiece leads to the decrease of intensity of physicochemical processes in grinding: increasing the carbon 
concentration in the workpiece by 0,1% the chemical affinity coefficient reduces by 10%. While handling materials 
which contain less than 1% of chrome in its composition, the interaction intensity with the abrasive material greatly 
reduces (3 times more) due to the increase of chrome concentration in the composition of the work material. Then, 
the rise of chrome concentration (more than 1%) increases the chemical affinity coefficient: when rising chrome 
concentration tenfold the coefficient increases twice. 
Nickel concentration in grinding material gives the reverse influence. When its concentration is less than 1% the 
twice increase of chemical affinity coefficient occurs. Further rise of nickel concentration leads to the decrease of 
the coefficient: every additional nickel percent reduces the coefficient twice.  
The given influence of carbon on the chemical affinity coefficient in grinding steel is preserved while processing 
chrome-nickel steel: the rise of carbon concentration reduces the intensity of chemical interaction between the work 
and abrasive material. 
 
 Table 1. Chemical affinity coefficient for materials, which differ in concentration of different chemical elements 
 (for the temperature of 600 ºC) 
Steel Make Chemical element Element composition, %, up to 
Chemical affinity coefficient  
Daf,10–10, mm2/s 
20 
Carbon 
0,2 19,88 
30 0,3 18,02 
40 0,4 15,58 
20 
Chrome 
0,25 19,88 
20ɏ 1,00 5,54 
20ɏ13 13,00 10,22 
20ɏ 
Nickel 
0,30 5,54 
20ɏɇ 1,00 10,75 
20ɏɇ3Ⱥ 3,00 3,26 
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30 
Chrome 
0,25 18,02 
30ɏ 1,00 3,67 
30ɏ13 13,00 7,57 
30ɏ 
Nickel 
0,30 3,67 
30ɏɇ 1,00 9,68 
30ɏɇ3Ⱥ 3,00 1,93 
40 
Chrome 
0,25 15,58 
40ɏ 1,00 2,43 
40ɏ13 13,00 3,65 
40ɏ 
Nickel 
0,30 2,43 
40ɏɇ 1,00 4,29 
40ɏɇ3Ⱥ 3,00 1,69 
 
Further study of the influence of the concentration of chemical elements on the intensity of physicochemical 
interaction with the abrasive material while grinding will help to create a complex of mathematical models to predict 
the coefficient of chemical affinity while abrasive materials processing of different chemical composition. It will 
allow us to discover peculiarities of physicochemical wear of the abrasive material in different technological 
conditions.  
 
 (a) (b) (c) 
Fig.3. Dependence of the chemical affinity coefficient of different steel on concentration in steel: 
(a) carbon, (b) chrome, when carbon concentration is 1 – 0,2, 2 – 0,3 ɢ 3 – 0,4 % 
(c) nickel, when carbon concentration is 1 – 0,2, 2 – 0,3 ɢ 3 – 0,4 % 
3. Conclusion 
Prediction of intensity of physicochemical interaction of different grinding materials depending on their chemical 
composition will help to take into account physicochemical interaction of abrasive and work material to define the 
size of abrasive grain wear. This opens up possibilities to predict grinding performance criteria – components of 
cutting force [12, 13], roughness [14] and also to predict output factors of material processing by grinding [15–22]. 
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